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Low fpeqiioney (1 Hs - 100 H*) r«la*afcloii o»eiUator» 
find MEny ftpplie*tlon»* Poi* exwtple, th® most vital part 
of an «l«otroiiie vriat-wateli or a eardlae pao®-«alc«r is a 
atabl® low-froqnoney oaelllator, Stioh oaelllatora ar® alao 
iisod in tl» filling oirotiita of SORa in powor ®l®etroniea 
applicationa and indmatrial tlmara, 

'^Tli® i»*«a®nt«d work ia an attaapt to invwatigat® r®lia~, 

.'is '\p> rx 

01 ® and atabltt low fp®Qti®ney oaoillatora for t|i®a« appHon- 
Ilona. «t« aalor raquiroaenta of aueh an oaoillatora aro: 
aaall aiao^ low powar oonaiiaption. froquonoy atatility with 
raapoet to aabiant t«ap®ratiir® and powor supply voltag® and 
aiaplieity of oireuit for high«r x*eliablllty and low ooat. ^ 

( Oaeillator oirouita baaod on two torrainal nogativ® r«~ 
aiatane® d®vi««o ar® w®ll known for th®lr aiaplioity. isiua, 
thtt ua® of a nogativ® rosiatanee davio® ia eofi8id®r®d in 
dotail for applioation aa a ralaxation oaeillator , to swat 
thea® r«i|itl.r»n®nta«'' 

A eurrant eontrolled n®fptiv® raaiatane® davio® ia pro-* 
f«rr®d ov®r a voltag® oontrollad n®gativ® .roaiatano® d®vlo® 
aino® th® forawr r®<|idr®o a oapaoitor for oaoillationa whoroaa 
th® lattor noeda an induotor* 

^ Snail aia® oan readily b® aehi®v®d by fabrieating th® 
oiretiit in lat®grat«d oirouit form (exoopt for th® tiiaing 
alaaenta}/ 

1 
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Tim d*F tmimXqm of ofetalniag low 

fk^ofuonojf oooillafciona is to start with a stable crystal 
oscillator* %ts retires a rather complex cooiit**<3oif{t 
circuitry Cl3 C23*?^'"^he aim of the project is to design 
relajiation oscillators which oscillate in the rage 1». 

K- , K. 

This obviates the need for count-down circuit s«r ' 

< iBie stability in fre<|ueney that can be achieved by 
this direct method is investigated with the view to deter- 
mine the limits that can be achieved*>^y'''in'-other' words'/'" the 
causes of instability are examined in detail and compensa- 
tion schemes are tried to reduoe sensitivity of frequenoy 
with respect to variation in circuit parameteiw arising 
from (^nges in ambient teitperature and power supply voltage.^ 



CHAmR 2 

R ELAXATIOM OSCILLATOR 

21 Limiay Ciawp»nt*CQ»troll»d Megatiy R«gi»tape> 

Lttt m assuiMi tliat v« Jbaira a plaea-wlaa liaaar owprmnt 
eoatrollad nagatlva raaiatanea daTiea (CC)6I> whow tarainal 
eharactai'iatiea ara shown in figiLra (2*X). m is wall icnown 
that ralaxation oseillations ara raa<lil3r ohtalnad hy using 
tha l£R davioa in tha eirouit aonfigtiration shown in f igura 
(2.2)« fha paniod of oseillations of tha eiJ^euit is darivad 
in tarns of tha eireitit and daviea paranatars. 

2.2 Bias Condition ' 

ilia supply Toltaga E and rasistanea \ ara ehosan in 
sueh a mj that tha load line intMPsaets tha oharaetarlstios 
at a singla point Q (Figure 2.1) on tha nagatlwa rasistanea 
region of tha ttharaetaristies. Sinea, at tha point Q, tha 
eireuit ia unstable, a snail partinHtation will eausa the eirouit 
to oseillata fund the trajectory of the c^erating point will ha 
as shown in Fipa>a C2»l|t CA B C B Aj. In other words, tha point 
of operation will nowa along this trajectory. *!l^a tine talcan 
for one period will now be awaluatad in terms of tha time talcan 
for tha operating point to trawarsa the sagsants AB, BC, CD and BA. 
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FIG. (II ) 


PIECE-: WISE tlNCAP CGN R. \ G HAP.AG T£pl5TiG:S: 







2*3 flat ^ B»ylod 


It: tail tit tttn tliat tht eli*eitit twlteJits rathtr ab3mpt3,y 
fpoa B to C and froa D to A. fhttt swlttiiliig tlatt art rtla- 
tivtly laall and art mglteted in the anaXytis, 

Mlita tht optrating point is trartrsing tht atp»at JUi^ 
tbt dtvict oan bt rtplaetd by a siaplt touitaltnt tiroult alioiti 
in Flgnrt (2.3) and tht timt talctn by tht optrating point 
to w>rt from A to « it obtalntil at folloifsi 


Let • 

ti| 


V * 

h*\ 


and 


Rj » % 
Kl ♦ «2 



W(xp a eironit witb a tinglt tint omottant. 


»<*» ■ ^fUml * 


wbtrt T it time oonatant of tbt eironit. 
With rtftrtnot to Figart (2.1) ttt 


( 2 . 2 ) 


^ • Vy for t - 0 and If « for t • • 

fbut 

▼(t) • ♦ (V^ - 

If tbt tint talctn for tbt optrating point to travtrat tbt 
•tpitnt AB it ift tan nritt 
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SiMilarlir for tlie oogaeot V th» SmwXm eon b« rep2.iie«<l 
fey a raalifcaaca Eg to parallel with a ©urreat aouree of aagui- 
taie eqaimleat eireait of the derie® ia ahotm in 

Fi^r® 

liiiere 


ir* 






Ur a Ig 

© ate *** 

« .■ifl.ni.iri.-T.-.ir.l.-r 

Sj. ♦ R2 

Agfk$M aaiag EQuatioa i2»2} and setting 

V • ¥ at t ■» 0 mad r » at t • • 
P mq 

we get 


C2-*) 


’t** ^ ’fiq ♦ {*p - 

If fg is the tine tatea fey the operating point to traverse 
the mmmmt CBg we ean write 




•<i 


«« 


mt 


«cae<i* la cJL— -rSL- % 

« m-. ^ W tl 




fhe perioi of oaeillatiOBS f • will fee given fey 


i» (IlLlal 


12. i| 


If a stafele remamtlen eseillater is to fee ofetained It will 
fee neeeesary far the period to fee ti^enaltive te variatioit in 
Wm afefel en t tssqpwratigre end variati^ la the siiif>ply voltage. 
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Effect of of Ifeltdigs* 

f^ra« Eqinfttioia C2*3> 


f 1^ • €B^ tm 


- % 


m 


If arm ixf tiic fmm 


Riir 


Tp - IgT luid • K3T. 




K, « X,) 


C2»ii 


flMi ▼altwi Ilf ^ t<»w« cf ^ ^ 

deteminej!^ tieloir* 

free fipGPe '^iNi* pelJit ef tftt«rtMiitttC8i 

of ISnea represoutlBg I3 and tba loadilno Il|^« Eqimtioii 
for tRe load lino % la 

ir • T - 1 * Ij^ (2.8) 

wm 
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flioFofiiro -Ifttatloa fia* tlio sosiaant CH' giircn tjp 


.■#*» ^ 'If , 

a ■ ^ir ♦ Cl •• ^ii“l^«i-mifr.:.iii ■ 4 1^ j j ,. C2»8)' 

Solvinc Eipatloo (2»8) mni C2.9) aliiailMnciMWlf tm€ 
olXalnating 1 wo ipit tli* valiao of ^4^* 



&inam, Rj* fSjt«d mm& Tp ara 

t® mvml7 ▼oltaga T, Vai» eaii l># a^^prasaad aa 

VaQ* « EuT 

a«^$titti%i!ig fop and Ta«* ja Etaatiiai C2.5) «• ^at 

»2 - <»*,• a» gj "," - (2.10) 

fatal tliia prnjtim ivm E^aticas <2,T) C2«10| 

f • f I ♦ f 2 

• CR»« an ♦ CitaQ* i» C2.ll) 

If Raq. iteq* and C ajpa aanataat It em li# aavn tliat 
mmpply Toltaca TOi*iati®ii will nat affaat feija i«is*i«ia ^ 
oaeillatian. 

2.5 lyfact ®f VariatitBi of 

It ia claar frm W^ti.mm <2.i) C2.1), C2.t) tluit 
0^, l|^ tiaira a mmw law taaq^Htratwr* noafflalaata 

ta al»taia a atatla mmilluMm* 

mm mrnMm m»lm & ais^ait witli a i^aaa^iaa 
liaaa» i«w idiamtarlatiaa whmpm fp»Vy*%*®2 •*** % 
aantPaUad axtraiiallj will naw i>a diaeaaMd. 



2.6 Bimic S a pfedatie® Convartiir 

A €Xfiifi^Btm%ion CS 3 i« mhmn ia 

Wlg^sam C2.5>« Tkm ii^ut ewi^eisit I tmmm tibm 
eurtNRnt odT l;li« A 

noxoNi# (1^2 * i^Gs« is lincsFijr rsl*t«<3 

t@ eoilsstor enrrsist #f tlw tf^sistor ¥ 3 ^ is 
tsiosd by bbs I[iiii»»^siisisto 2 * oiHnbisstiefi %»? 2 * 
sifraxigsa^b sbsrs tii« disSs is a ^iode eoimeet«€.lias 
tisspsrsttirc ei»i|Nfti»stiit|i fsstssss sxiS is wi^ly isis<l t» 
bits iabsgrsbed six^sibs. fbis scraibiistbisa is wiiislf' 
Idioifa m biM! ssoRresb isltemr. fbs iioAs 

IsfBSSsbsS bmasisbcs* eompenssbss for bhs vslb&ip ilrs# - 
mmmm bit# «aibb*r-4lss» Jassbion #f bbs brsasisbSF 
provided bbe bx^issistars are iieabieal sad tbe cmrrmt 
MiaPtm^ diode is espial bo bbe ixipub essiremb I« llrii«r 
bbese oondibiofiSx bbe voibsge seztiss btie ix^b ^aad owbfwib 
pflorbs vili be efS 8 l» ressibing is emveab JMavevsioa bfpe 
leiptbive 3js|i#dsa«e Ceaverber (110} « 

Smf i»Y__CI»igaebef^sbigs 

7b« i*v ebazmsberistios of li 0 „ looliUsg iids# nods A 
'«sn be sbttdied by asspsixif m nmrmmt i, flxmlug into bbe 
aCHilB A. Xsgieeblpg (few* tbe blasi being) Hie volbsge 
dse^ mmmm bbe iMwinbpr sad bbe diode % due bo 
bbe eiiinrtsibs of bbe s«f«rse*bissed eeftieobor-* 

base losebions of sod tbe poboobisl sb biso bsso 

of tisi ibrsosisbesr is As iMig so bbo eoibsgs sb 
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ftirf ! i Per*' 



F!6. (15) 

S<MPt-E NIC CIRCUIT 


Pi 



N'.' 

'■■■■X 



fig. (X6 K 

terminal char.a'cte'ristics^ ' r,F’ THfe'Nt": 



th* nod* A is less tMn 7^, the t«# Snn^tton 

&t the trimsistor t» rermtm »nd thm tpematmt&r 

i» tilt off* Thus I, «Kc«pt fop ioa^i® enwpwito, thdP® 
i« m eiipp®ot flowing ia ttio iiodio 1)2 and lionoo ao oiiwpaat 
flows in tb« transistor Tg as woll, Isgleoting tho 
rftwsrss saturation mmpmt of tha attittor«>ba 80 Junotioa 
of ITi^f the i-w eharaoteriatios iqp>to a woltago 7p is 
ropfsssntod by the aegemmt IS (Figtira 2«S9>* 

Waen the wolta^ at tbe neOe A goas abowa 7p^ the 
aaitter-basa .;)tiiictioa of tbo transistor is forward 
biasod and tbs oellaotor eurraat of flows tbrotigjb 
diod® Dg wbieb turns on tba transistor fg* 

If tha dioda^sonnsetad transistor Bg and tba 
transistor ara natehad than 

whara S is oosnaai-anittar eurrant gain of tba npn transis- 
tors • 

It is olaar that as I is nada to ineremme^ Ig ii^raasaa 
proportionatalF* Sinoa tba woltagw at noda B is (7p-Ig 1^)# 
it oontinuas to fall as IgCiijt.||^) Ineraasasi till tba transis- 
tors satiQ!mta« If atiisl aurronts flow tbrouidk ^i snd 
snd if snd osiittsr-^sss Junotion of art saitobsd* tbs 
woltags at tbs nods A will bs s^HHHil to weltags at nods 1« 




Keoe# tl'i® elia3?a«fe®ri»tles of tis* inirle* 

%b« transistors oo»ltiot ar® rapniasittai W sspiont S?U 
(Figaro 2#6B)« Xf th» bass aarrsixt of tbs tmnaiators 
m.T*& ar« nsglseted, will b« ouqal to 1 and tho 
resiatanoo mt % will appoar as a 'nsgatiirs rssistanes of 
isagpitndo at tbs input port. 

ii oos^lsiiaiitarf eireuit arrangsaont is shown in 
figurs (2.7i)* It oan bs sasilr assn that* looking at 
tfm nods C* the oireuit will haws the terainal oharaotsr- 
isties giwsn in Figure 

2.S fwo Tsrislnal Ciirrsnt^^^iontrollsd Heffativs Rssistanoa 

" 

fhs siroiaits of Figures {2»6k) aufid (2.7^) ean he 
oonbined as shown in Figure to obtain a onrrent- 

oontrolled nepitiwe reiistwioe (CCHH) devioe. It is 
assimei! that Fp > and Ku > 1^. 

2.9 i~v Charaeteristi es 

As I is inereased froit aero* eireuit (2) remains otst 
off (¥p being greater than F^) till the woltaip at node B 
falls below Fy, As the input current is Increased further 
the potential at nodes A and B will go below Vy and the 
circuit (2) beooMs act ire and the net resist ance (R) frtni 
node B is given bf 


R • 




(2.13) 


Xf Rn > H|i* 1 is a negative resite^ee which appears 
as a positive resitance at node A (Figure 2.8A)« 



Tli« eireuit*. 


in Ftgwr# C2#lfe|'*: 



CHAPTER 3 


dRCHB* IMIiIZATIOIf 
3«1 Ciaolog oP Devices 

COM deviee Bhomi In Figure (3 •I) was ennstFuetad 
vlth aonolithln translstnx* arfays CA 3083 fop npn traitsis- 
tors and CA 303^ tor pnp tpansistoPs« Those appsfs ppowide 
matched de¥ic«8 on the same chip which onstipo oloso thexiBSii 
coupling and hence tracking of dewlce papweeters with 
temperatupe • The specifications of these are given in 
Appendix A* Ppeeision iM»tal film resistors are used to 
control the characteristics as well as defining ¥p and 
3*2 Overshoot Around igp ■ 

£n our earlier qualitative description of the circuit 
behaviour given in Seetion l«31t we had neglected the 
leakage ein*rents as well as the base currents of the 
transistors. Row we shall examine the influenee of these 
currents. 

With reference to Fi.g«re, (|•2A) the reverse ' satura'- 
tion current and of the collect ©r-4jase Junstionc 
cf the ipansistors T|^ and T^ flow ac shown caq^lieitlsr 
in the figure « The cum of these eurrente flow in the diode 
ig* ’iMM reeults in an equal euitter eiufrint in 'The 
eospeipondisd; oolleetor current as well as (XOOj^ * ^02) 


IT 







Zb 

flow through forward-hlating it slightly, Ihoa tli« 
voltage at the node A reaches a value when the traiuiis- 
tor Just starts conducting* its m is low and hence 
under these conditions the base current of 
be large proportion and very little collector current 
would flow. !l?hu8 if is greater than IC^* the diode 
will be reverse biased making the input voltage 
increase beyond 7^. is the input current I increases* 
the a of improves* so that eventually becomes 
equal to 1q2 (Figure 2.2i), Beyond this point the diode 
Dx will be forward biased and the cireuit will operate 
as explained in Section 1.21, Xn other words* the prao-> 
tical characteristics will be as shown in f igtxce 

A large resitanoe (chosen experiBSintally) is cimiec- 
ted as s town in Figure (5.1) which will slightly forward bias the 
diode Px values of I* the diode 8®^® 

a chance to get reverse biased. This removes the over-shoot 
in the charioteristics beyond 7p, Similarly the resistor 
Kg removes the overshoot around the valley point- 
3-3 Stabilisation and Experiaeatal irrangeiBent 

It is well known C53' that small stray oapaeittosces 
introduced between the node A and ground (due to test 
equipment oonneeted at the node A) will make the circuit 
mstable. A siiiq;»le way of stabilising the cireuit for 
plotting terminal A-v- eharacteristios is to cennset capa- 
citors 0x shown ^ in lii^s figurs (3*1). Ths 

plots art obtainsd wing.ths ^arrangsment shown in Figurs 



(3«2C) «n4[ atplying •S.eirJLsr mrsrlns euanNiats »o as to 
8M»«t tito ipsilLHitstis ooadition whioh aatss t^o espsoitop 
ooiVMits 0m9 to 63, 02 asgligStly saia3.1* 

3*^1 Effoot of VsyistiOB of Tp and Vtr 

19i« poat ▼oltags saa bo omttroUod by tbo irariablo 
powor suppler V|i, i^oim la Fipiro 3.i» EaporSiBoatal posults 
obtalaoil by varying Ty mm iboim Jbi Figaro (3*3)* 

Similarly, oalloy roltago is ooatrolloS by varying 
irariablo powor sapply Figaro (3«^} sbows tbs 

oscporiaoatal rosalts • 


3«5 Effoot of Variatioii of Hit 

Tbo slops of tbo aogativo rosistaaoo rogioa oaa bo 
varioS by obaagiag tho oaluo of R|| (Figaro 3*5) • fbo oalao 
of aogativo rositaaoo as noasarod from tho i-v oharaotoris- 
ties is ia agroomont with that prodiotodb-y Equatioa l.«12« 

3*6 Effoot of Fariatioa of B» 

fho slops of ^o positivo rosistaaoo rogioa of i«v 
oharaetoristios oaa bo eoalapollod by vary lag ly • Ixpori* 
moatal ovidoaoo to this offset is shoiia ia Figaro 3»$« 

It is obsorvod that tho oharaotoristies aro aoa*liaoar 
ia this rogioa* Xt is dao to l^o roasoa that traaststor 73 
(Figaro 3,1) is a latoral pap doviM with low f, (of tho 
order of 10), thoroforo Iho piSa of tho oarroat mirror is highly 
9 dopoadont* Siaeo 9 of tho traasistor varies with oarroat 
level as well as tho oollootor^baso rovorso bias voltage, tho 
o a rr oa t gala ^ is aot ooastaat aad hmaoo tho Ihp oharaooristles 
are aea*llaoar ia mis rogioa. For snallor vaiaos of tho 




Fie, (3'2CV 

EXPEfirMENTAL ARRANGEMENT FOR CiRC'JIT REALIZATION 


: "M-T; K/ hFUR 

Central uBRAftY 
'aoc."No.'"' A 3 2 Sis 
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I (tn A ) — - 
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iwsr »»'*»/«•*«*!»» ited R«ajv<i'j| 
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2.7 


voltag® variation 1» amall raaulting In lasa non-llnaarlty. 
Owi aatiiod to ra<S»e« th« is> dopon^tnoa of enrront gain and 
to ineraaaa tfeo oatpat Inpendaneo, is to aw tibo Wilson's 
earrsnt nidddrs C^l3 sliowi In Figaro C3«74* Wils oill havo 
a onrront gain givon toy 


% _ ■ '2 

h * 2|i 


(3.1) 


m Sonplota oirsmit wiplOFliig Wilson's ©arrant alrrors 
is sboim in Figaro (3.8). Tho i-v eharaotoristies of 
thla ©Iroait art foand to bo taito llnoar as soon fFon 
tho ojEporlaantal rosalts sbowi In F%aros 3.9* 1*10* 

3.11* 3.12. 

3.T Bffost of tonporatMi Yarlaf joii 

Slnso tbs ©arrant gain of 12io nlwroro is g dopoiMloat 
and 8 varios altb tapporatar© i ov«n if % «n8 ly waro bald 
eonstant* tbo inpat rasistanoo looking into noda A (Figw^a 
3,3f| is slii^tly toaparataro sansitiva. ^is is larasti- 
gatod aaporlaantally by raising tbo tonporataro of tba 
oireait of Figaro (3.8) a»in8 

(Figaro A. 18) i^ow raall ©liaagos of tba ordar of tk in % 
and By. 

Vitb rafwfonaa to Figaro (3*8)* tba ©arrant gains 
% 28183 ♦ *8581 - 28185 ♦ 28i ♦ 883 ©Jl 

^ 1 ♦ zhh - a»i .»?r-T- 

and 
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th® subtcPliJtt p®x^&in to th® pospootfv® tronslstor® * 

If tl»® eiu^ofit gtin of all apn traaalatoya is ooiaiifioro^ 
to b® ®(|aal CPij) a«fi th® gala of all pap traaalatoFa la 
oonfid®F®d to b® «gttal (^p) alto If it i® aaaiiaod that 
of traaalatOFa andi taada to laf laity th® louatlon 

(3*2) aad (3*3) will radue® to 

!l. , * 2 

and 

la 2 

at 1 4 

^ $i ♦ 2i« 

P P 

Thua aadcp th® abow® eoadltloasu th® etunpaat gala la laa® 

$ 4®p®i®at thaa prodietod by l^tiatloa (3*2) aad (3*3} * ^® 
t«iip®ratiaf® aoaaitiirity ia •xpaotad to b® of th® ord®p of 
90 p*p*»* taking th® typioal yalofta itvm th® apooifioatioa 
idioota) of aad vaalatioa of ftn with ohaai* in t«Bip«aatia*® 
faoa 25*C to T0*C. 

Fuathor lnfan>y®aftnt la Invootigatod by inoi*«aaiag th® 
eiiffroat gala by Oaaliagton ooaaaotioa of timaaiatoaa %■ %» 

0^ Qjl^0. Th® iaidifi®d olaoait ia ahovn la flgtir® (2»15)* 

It ia a®®n trm th® !•*▼: ehayaotariatias of airotiit 1* of Figiir® 
2 «15 (Figtir® J*li) that th® i^wroraion of Rg Into an ®taiiral®at 
nogativ® r®aiatano® ia ttxit® toapoFatiip® laaoaaitlF®. 

To obtain a tmiq;i®i*atax'® ladopondoat eoawanaioa faotor 
of tmity th® gain of th® nix'yinp ahottld b® nnity* This ean b® 
a«hi®v^ by adding raaiatora aad Rg (ahovn dottod in Figtir® 
J«15) and adlnating than to obtain unity gain* 
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A sJbnilar a&difieation aii€ adjuttneiit ts ieite in 
the eirealt 2. 



cmrmn n 

mciuATOR mmmmMm 

♦.1 gircitit 

In til# prttTiotin ehnpters wa hav® 8««ii as t© how th« 

1-w eiiarsetsvlstlos of a practleal ccm ©ircnitJ ©an h© 
nad© to ap^^oh that of an i&ml pitt ©haraetoriatioa with 
©ontrollsd Rjl ©te by making th© oiwoiiit awr© and 

BM>r« eonplax. for th© «xp©riai©iital stndF of a 

rslaaoition oseiilator^ a ©©ry siaplo ©iroiiit ©onflgtiratioii 
was mad to dstomin© th© porforanin©© (tonparatnr© stability 
of th© poriod of oseillation) that ©an h* aehi©w©d* 

•Th© ©irottit diagram Is shown in Flgnr© t.l* % forms 
th© ii«»ut transistor. and 85 (CA 3606) form a 

ewrr©nt mirror of nominal piin 3 . In ordor to ©oap«naat© 
for th© woltag© drop of th© emitt©r->has© innotion of th* 
transistor and Qg ar© itstd in th© oonfigoratioa 

shown in th© Fifpir© (St© Appandix i CA 308 t has this 
struotnr© arailiil© on th© ©hip idiieh is nsad to adwantaim). 
^tts th© rosistano© of tOK appoars as *1201 (nominal) at th© 
input torminals. Vp and ar© dafinod using th© rasistw* 
diwidar^baln. 




F I'F. (4’li) 


330>»F 


HELAXATIGN OriCILLATOR 
US!NG SIMPLE C.'.NR CIRCUIT 



Vh9 WmoBiMtwp Qj i» used t© elwmp t;li» irall^y voltaige 
appiNs*ljiitt«ly, It nay he mentioned that thia ia an altai*- 
natlya hy iidileh tha doiapl(«eiitai*y M€ ©an he aaoidad aapi- 
elally when Ip 9 la daalrad (poaltly# Rp aan navai* he 
aahlayad thla nay)* The tampeyatara Gompanaatlaa^ howairar, 
la not emet haoauaa tha earrant folloaing throat ^ and 
will nairep b# axaefcly agaal* Bat tha sax dlaeharga ourrant 
of tha eapaeltor (llmltad by v) ean ba lawga (dopaadlng upon 
tha eholaa of y) , and than tha dif fawanea batwaan tha oarraiita 
thyeaih tha ft-b Janet Iona of and awe dlffapant only by 
an aii«>imt agual to ly whlah la kept la tha oadey of 10 to lOOpa* 

The Iona paalitop aomaetad aa ahowa blaada a aatall 
Queseant eayrant throoiih tha fEtlpPop aa wall as and Qg 

whleh la to prawant the owaraboot arotmd tha paak voltaga 
(aa in tha aapllaw elpoiilta)* 

The uaa of a nowlnal piln of thpaa In tha mimpm anablaa 
ua to uaa a lowar Paslatanea to ^flna Em whleh raduoaa tha 
poway aupply plek up aa wall aa tha voltage dyop aeyoaa tha 
yaalatoya dua to yavaraa aatuyatlon euryanta aa wall aa tha 
ewrant dua to tha lOMO raalator# A hl^iar gain eould ba uaad 
with advantaga but diia to tha yaatylatlon of tha nuabay of 
davleaa avail* la on tha CA 3081 ehlpa thla eemld not b# 
imployad* 

l»2 Payiod of Qaeillatien 

It tan ba eem from Elgura (8«lb) ^at tha yagloit CB la 
alflMMit vartleal dua to the olmpliig pyevldad by tha tyanalator 
0^* Eaglaeting tha awltshliig ttswt 8ha pavlod of OBOillatlon 
la ppliMu^ily govaynad by tha tlna tak«n for tha eapaeltor to 
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elmrg# from t© ©ssmBing that y’ i© ©©^iglhly ©Biall 
C103). If 1 * i» th© &vAmv of kilolotfi* tha iiritOhing traj«e- 
t©i»y will ba as shown by tho (tottod linos in Plgisp® ir*lb. 

VM9r thoso oonaitlims, tho |»enio€ of osolllatlO!i will bo 
x*o(3iioed slneo th# woltago ossa aoposs tho eapaoitor has 
to Chong# only from to %. 

If th# woslstanoo v is negligibly oiwill, the period of 
oscillation for the sealing shown in Fignr# t«l(a} will 
be flRg$, fho period is noastn'od by tho arrangonont shown 
in Figure IS .t where the sharp nogatiy# pulse across r 
during the discharge of the eapaeitor, is fed to the counter. 

It is experimentally obserred that power line pick up# ewen if it Js 
of the order of a nillirolt will produce fluctuations in counts 
because its influence of Vp is obwious. ©be hli^ lewel inpedance 
at the Icpase of the transistor before it conduets ean be wery hij. 
Thus extrene care has to b® used in shielding the ciromit 
using a netallie container. 

^•3 Influence of IcO of Qt on the Period of Oscilla|ieH 

As was pointed out earlier# while the eapaoitor. is charging, 
the emitter-base 1 unction of the transistor % is x^werse** 
biased. Its kUcIhi collectcr~base limetion is rewerse biased 
as well* 'The base is operated froa a high inpe'dance voltage 
source. Under these conditions# the current flowing into the 
emitter can be om^uted ueing 6beg!s*lloll relatiens and it 
will be in the erder of Typical vnlne of I^^ Measured 

is in the ran^ of d.l na. Considering that the arermge charging 



^3 

eurrsnt i» in th« orSer of tons of »iopo<-iii 9 ros« tlio ixifltaeneo 
of thi» is oaEiioiitoa to b# lest than l part In 10^ . klthoum 
m first ordlei* ooi^ens&tion of this osn bo sohieroS, this was 
not sttoiptoa. 

It was oJEporiiMintallf founa that tho short -tors stability 
of the oiroait was oontrolloa by rsnaois flaotuations arouna 
the peak ana ralloy reltagts. Sine® the voltage aifforenoo 
botwoon the peak and valley voltages is 6f (for a supply voltage 
of 16?), ranaos drift around the peak and valley voltages of 
the order will produee fluet nations in the period by an 
Msotuit eiiual to 1 part in 16^ which is easily neaaurod* The 
neaatred ahort-tera stability (ootmt to eount) wat In the 
order of one part in 10^. The stability of the peak and valley 
points have to be determined separately by suitable experiiwiits • 
However, this has not been done. It is envisaged that the randosi- 
ness aromtd the peak would be dominating factor in the short- 
term stability* Since the circuit Is In a high impedance state 

aroupd ?_ whereas around ?«■» devices carry a fair aasaastli 

of ^ 

amount ^current * 

of feriod of Oacillation with Tsmpeiwatiaye 
The variation of the period with temperature imS' studied ' 
by^ coftllng thetk integrated transistor srrays alcaie to iee 
t^sperature* 1%ie results ^are as given below i 
feriod msaeured at room temi^rature 15*6 ; 1352*11 awees 

feriod measured at room temperature :Si^ 1*6 13$l(*91 

fhus^ the variation was 2*8 msecs in 1352 msecs which is 
approximately 88 ppn/S* . Since the eaturaticn currents increase 
with temperature, the tendency for the peak voltage will be 
lm 



t© deep©©*© with iner©©©© in teispepatiiii*©* -Ftirthei* th© 
**ev«r8« ©mtapati©!! eiiFreiit ©f th© ©mitt«i*-haae jtmetion 
of (St^ to th« ©hanging «iirr«nt. th©a© ©ffaeta 

add and mkm th© ptriod ©f as osoiliation d©©z*«ai© with 
te»poi*atiii?©* fh« Tjgg effects canoell hecans© of the ©om- 
penaation aahem ©wployed. ..fhns the eaperinental ohaer- 
▼ation ia eonaiatent with th© ©spected hehawiour. 

Va riatien of the Period of Qacillatlon with Siippiar 

i [ i m iiiii i — Trr — i-irirrm iiii m ii irr i rtinmn l^ [ | | ll f' lll '^ l ^ l 1l1 ll m lln^lrl^1llrrfT »•n>t l fT l lml^ml1rtr^n^tT^^%^ ||| | | i l ~ l ^f^l1lilllll l nr l ^ rlllM|^^(gl^l^l m -T n ii nrr‘“"^'“‘ 

TOltaiMI 

*?h© waifiation of th© period aa a fnnetion of the 
a^pl^r vott&ea was detemined experimentalljr. Sah^ ©.X. 
shows th© results. The aiaall variation realljr ©onfirraa 
that the peak and valley voltai^a vary linearly with the 
©apply voltage. Th© soall mriatlonf however • ia due to 
the non-linear effeots aach aa the voltage dependenee of 
the transistor parameter a. This has noth ten eompated aaing 
theoretical siodela* The variation in the period dae to 
supply voltage change ia estlBiated to be 7r"ppn/volt4C^^ ) 
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CONCIiUSIOK 

Wi« iittiiPi of o»oS.ll.a%op« boooi.oii piomo-wiso Ilpoftr 
€0MB,i in siapl® oineuit eon flipimt ions. Except 

for tfeo tiaing oloiMiiito, the eirouit eiiii to in 

intogrotoa eii»cmit , foioi whoro the technology is iise4 to 
aaestatege in obtaining the teaperatnre ecaspensated perfor- 
swnee. While the piwsent ivestigatioiie show that the circuit 
is not i^a enouga for uatehes* the circuit ib fid ges a widie 
gap hetween the high precision crystal oscillators and 
ordinal^ mtltirihfutors for laany industrial tining applica- 
tions* fho Quisconces can he made mlniasal idiich aakea the 
circuit attractive for hattcry operated applications* Ho 
attoapt hac boon nado to natch the tesqaerature coefficients 
of the timing eleamnts R and C which have toil % done in order 

to investigate further improvement of the instability arising 

/\ 

from the semi-conduoter devices. Rs Is clear, the compeniHi- 

is 

ti^ philosophy phased on matching of the transistors in the 
oircttit . fh«ce are several more complex circuits 'which have 
to bo ,lnvostigatod which would need conputor-aidsd fioalysia* 
|fith''tho aifont of Ipn-implanatation toctinifuos, the doipmo 

•MtS * . ~ * * 

of ^tahtni reported ttam inarodibly low (a few microvolts in 
duoscont euprent lofols as high as 1 ma). fho Xatsupal 
pnp transistors are well bshavtd at the low current levels they 
srs saployod* 



Th9 ttirmdt Qoiifigiirations w«r« hf thm 

tyRn»l»t©r arwiys tluit iw»r« airailfttiX©*, Thm thm f>r©»«iit 
vtMijr WAS x^strtetftdl t© simple stmietiires «tid Pf and la:pfft 
tlie Ineestigatioiis vesps experiimntal and simlysis r*vf ©fteit 
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AH^ixalt fmiwnpatiop* Bxiifts 

'®P«vatIas 


-i0 t® +85 •© 

-^5 t® +15© •© 



Tim follcmliig rutlug* ftppljr for e&Qh transist^^ im tha 
#rrl<ses 


Coa.l«©l;or«t®-&iltt«r Teit&g« 
Colleetor-to-Base Voltage (V~y^ 
Colleetoif-to-^iA}tFate Volta^^«TO)« 
EBlttep-to-Baae Voltage CV*.^) 
Colleetov Cerreiit <!«) 

Base Carpeat (%> 


15 V 
2© V 
20 V 
5 V 
100 mk 
20 mk 


•file eolleetor of eaeii traxuiiatop of the CA 3683 la 
isolated fpon the aahtpate by an integral OioOe* 'Rie 
aiditratte meat be eoiuaeeteO to a voltage i^lcdb la aore 
i^gative thim any eolleetar voltage in order to naintain 
iaolation betweaa txvti^iatora and provide noneal tranaiator 


aetion. To avoid imdeaired eoepling between tianaiatm*©* 
the anbtrate teminal C5) tbonld be naintalned at either 
0€ or algnal (AC) groimd. A suitable bypaaa eapioitor eim 
be need to establiah a aignal growad* 
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fba fallowing imtlngi ai^lr far «iaik tmaalator tlia dawloo: 

Collaetor-to-lalttar Voltage CV#*im.5i V 

Collaator-to-Baao Voltage <Vc«jF'^ -lO V 

.Haaa-to-SiifeetiNito Voltage (VgS)* V 

3®Hitt#r-to-Baie Voltage (Vg^j -tO V 

Colleetop t!?amnt (X^T **10 «i 


*f%e baae of eaeli tfana'lator of t^e 0A3O84 la Isolator IV«»k tae 
aatatrate hj an :lritegral Oioie* ?he aatatrate aaat to eoniieeteO 

t o a aoiw negative tlian anv l>eae woltage ^ erOer 

o nalntaxn laolati«m iMrtiieeit tmmalatora aaO prowlde nonBal 
tranalator aetlon. ?o awolO mdtotaired eot^Ung totiemm taamila- 
tora, the antatrate temlnal i^oaM lie imljitaliie® at eltlier 
DC far signal (AC) A anltatle taypasa esfiaoitor oaa lie 

aaeO to estallati a signal groitnd* 
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knf mm tmmlmtm* 380 alf 

Total paokaga T50 «W 

Above T|j^'«25*C €««ite Itnearlf i#/*C 

Ajibient Teaipeaniture Raai^: 

OpepattBij -A0 to ♦85 *0 

Storage -.55 t© ♦ 150 *C 

The folloiring ratiago applj for eaoli tinunuilJitfKr tho ioviCMis 

C©ll#etop-t©-®Bitt«r Toltage* If T 

C®lieot»-t®-|^# Tolta^» Tg^ " ' 20 If 

Collootor-to-Siifeatarate Vmlt&mt 20 W 

Iiiltt»r-t©-B*»» Toltafso, 5 T" 

0 i»ll«otcMr Cfmramty % fO «A 


•Tlio colleetMOP of iwiioh tranalatcnr in tbo CA3088 Iji ioolatod team 
%h» siibstpato hf mm Ifitogral 0 io^. lElse aabstrato {tmmMmX IS) 
wmt be oomeoted to tlie most aeipitive potat Sm thm amtmmml 
miemXt to mlatalw Isolatiim between transistors and to provide for 
ttoraal transistor action. To avoid nndealrable eoi^liiig between 
tranalstors* tbe snbstrate (terwinal 13 ) abonld toe nalntaiiied at 
either BC ©r signal {A 0 > wpoimd, A suitable toniass oapaoitor ean 
be used to estatolisli a slpial ground. 
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